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COMPLETE SPECIFICATION 

Improvements in or relating to the Surface Treatment of 

Polyethylene-Containing Structures 



We, E. I. Du Pont de Nemours and 
Company, a ooiporaticm organised iinder the 
^ws of the State of DeLaivare, United States 
of America, of Wilmington, Ssoate of Delaware, 

5 United States of America, do hereby decHara 
(the invention, for wihidi we pray xbsx a patent 
may be granted tJo us, and t&e method by 
which it is to be pcrfonncd, to be pardcularly 
describal in and by the following statement : — 

10 This invention relates to treating the sur- 
faces of polyethylene-containing structures, 
such as films, fto improve the adhesion proper- 
ties thereof, for example, to promote the 
ladhesica thereto of printing inks and various 

15 other roatariais. 

In general, polyethylene films are tough, 
Bemi-traiKparent, resistant to many chemicais* 
eshibic a high degree of moisture vapor 
impermeability, permit the passage of oxygen, 

20 and arc hpat-sealable. Because of this oom- 
binaftion of properties;, polyethylene films are 
highly useful for f^ack^?i^g and wrapping a 
great variety of raflteoBils such as chenaiads, 
fresh produce, dried milk, texdies and hard- 

25 ware. Probably the only troublesome dis- 
adivaniBge of polyech3dene film for use in fthe 
packaging field is the iact that standard aniMne 
and rotogravure printing inks employed for 
printing various oellulosic films, such as re- 

30 generated colluiose and cellulose acetate films, 
do not "adihere satisfactorily to rthe surface of 
the fflm. Generally, any indida, ^ch as trade 
nurks, adverdsdng indicia or recipes impdnted 
upon A surface of a polyiethylene film with 

35 standard oil or lacquctr type inks employed 
for printing odlophane film are easily smeaiied 
Or rubbed off by the iwrmal abrasions suffered 
by packages during shipping and handling. 
The word " Cedlophane " is a registered Trzdc 

40 Mark. Hence, in order to obtain saltisfactoay 
adhesion between a dried ink and a poly- 
ethylene film surface, it is neoeasary to empdoy 
a-SDgaally cowounded ink or modify tihe 



film surface to piomote improvied . ank 
adhesion. 45 

Although printing inks compounded par- 
ticiAarly for printing on polyechylene films 
have been developed, the use of most of these 
inks requires modificaldoa of staiidatd print- 
ing prooessess land the preferred approach 50 
is treatment of the polyediylene film isurfiace 
to promote adhesion of standard odl and 
lacquer type inks. 

An object of the present inventic^ as to 
provide a process of treating ithe surfiace of a 55 
polyethylene ■structure, e.g., film, to dmpiove 
adhesion ofl standard printing inks, 
prottnote adhesion of standard Janiline and 
rotogravure inks employed lin. printing on- 
ceHophane fihn. Another object is to provide 60 
a prooeas of treating (die surface of a poly- 
ethykne film to improve ladhesion themif to 
various other materials, sudh as met}a^j paper, 
nitro-cellulose coatings, and other polymeric 
coatings, e.g., nylt«i, and polyethylene tere- 65 
phthalate. A finlther object is to improve the 
adhesion of polyethyleoe film to itself and 
other material, when using tommierdial 
adhesives. A sti'll further object is to provide 
a process of treating the surface of a poly- 70 
ethylene film to improve adhesion therelto of 
dried ink impressions and not impair the 
transpamwiy of the film. A sdil fmidiei- object 
is to provide a polyethylene film having 
modified surface characteristics such that driiod- 75 
ink imprints vsi idle surface will not rub off 
when tested in accordance with the various 
tests described hereinaf Dor, 

According to the inventiori, a process fe 
provided of treating the surfaces of a poly- go 
ethylenie-containing struoturc, such as a film, 
to iropax>ve the adhesion pcpperties thereof, 
which comprises subjecting the structure as 
it is extruded at a temperature between 150" 
C, and a ttjemperature bedow the degTadati(»i 85 
temperatvu*e of the polyetjiylene into a batb> 
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to tie faction of an agent selected from the 
following: — aqtraous solutions of the 
faalogeos, the hydrogai halid«, hydrogen per- 
oxide, nitrous add and alkalane hj^oditarites; 
coracenitrated nitric acid; and mixtores Qoa^ 
cemrated nitric and siilfiiric adds; saad agents 
being maintamed at a temperature in the range 
of 25" C. to 95** C Said treatment is prefer- 
ably carried out m the presence of ultraviolet 
ii^t, and h also pflreferably effected at a 
ceinperature in the range of 25** C. to 65"" C. 

in the normal process of ertruding molteD 
polyethylene into film form, a molding powder 
or flake of poiyethyleoe is fed continuously 
into a melt extrusion machine, and the molten 
fiflin oonldnuoufsly extruded thirougjh a slot . - 
orifice and thirougb an air gap verticailjly down- . 
ward onto a quench bath maintained at a tem= - 
pecraiture ifrom 25''— 95°.,C., pr^erably ifrpro 
30* — 60*^ C. Usually, the polyediylene is 
extruded from a melt jHaihtamed Btt a- temper- 
ature within /die range fiiom 150° to 325" 
Tubing is 'usiiiallly- extruded from a nKflt at a 
temparatuxe^ttun-tbe range from 150*«— 200*" 
Gi,- ^ereas film fe extruded .at a temperatiue 
within the . range- from. -250-°— 325° > Q Ad 
atlternative process af fprmSng a- poIyefiiLylene 
film - comprises n^iiing mbltec polymer on 
dosedy-spaded calender rolls tD. form a film 
-which is .donducted vertically downward into 
a. quen<3i bath. -In either of these- general 
mediods of fornnng a polymeric film, the space! 
betweoo) the point, where -the molten -filst 
(leaves ithe slot orifice or the last calender-roil 
and the ppint where the molten film enters ^ 
quench -bath . W;ill. -bereinafier be . termed. th€! 
" air gap.-' -During passage through the aii* 
gap, tfee . film Js^^eareiy. pomdtted to pass 
uiiinhihitcd -tiiough the. atmosphere, and dup 
prbvides; for * some / supeifidail a>aUng. 
Genciallyi the length 4>f die air gap range? 
fitom^jout 2'^ to as long as 15" iitsome cases. 

T&e hixxxss of the present invention is most 
convenienfiiy carried -out by subjecting fr^hiy 
•formed film to the action of the herein-^ecified 
agents- -contained in the quench bath- which, 
as--pointed out^ immediateily fdlows the fihn- 
foaming step in the normal processes of poly- 
ethylene JBlm manufacture, Hence, tihe process 
of nhSs invention naay be carried piiit withLSub- 
tstjantiallly no modification of -existing film- 
forming at^ratus; = Preferably, the quench 
bath-is subjected to agitation by mechamical 
moms Or by ^P'^'^y"^ soioic or supersonic 
waves, this agitation- mcreasing the rater of 
actidfi of -ithe agents of this invention upon 
the polyethylene film. "Hie rate of action may. 
also be accderated by exjasing the film to 
ultra-violeJt iaght Jhaving a wave length no 
greater- than 3600^ aU during treatment on 
the <iuench baith. the continuous production 
of 'polyethylene film treated in accordance 
wiidi ^thas.prbceisSj the dune of treatment in .the 
quench bath should not exceed 4 seconds. 
65 Any agent or mixture of agents which would 
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not impair the efficacy of the process, sdected 
from the foBowing: — halogens and the cor- 
responding acids^ i.e.j cMtMine, bromine, 
todine^ fluorine, hydrochloric add hydno- 
bromac add, hydroiddic add, and hydrofluoric 70 
add, hydtogen peroxide, nitrous add, alkaline 
hypochlorites, concoitraited nitiuc adid and 
imixtures of concentrated nitric acid and : 
sulfuric add, may be employed in the quendi 
bath icT purpose of this invention. The agents 75 
may be employed in the quench baih lin high 
ticMxaaitrations, for esa.n^le, concentrated 
aqueous soluitions of the "halogens or halogen- 
acids; and for rapid" action, these high cxsx^ 
centrarions are preferred. Hydrogen peioz^ 80 
iha& becntempioyed in conoenixatiQas lai^^g 
from 0.24% to 32%, by wdght erf. die total 
b^y-aiid hagheor and -ibniewhatl-dowi^ dcm- 
- centrations axe. endrdy opoabde. The saxna 
applira to tthe alkaMne hypochlorites, but about 
30% or.hdgher is prefiexnad. ^Wheh nitrip acid 
or. mixtures thereof .with sulfuric . add- are 
VBedj. the concentrated adds are preferred. 
After quenching the fihn, it is necessary to 
conduct it into an alkaline bath such as an 90 
aqueous, .ssohition . of sodium . hydnoxidei, or 
aqiieous eodimn bicarbonate containing about 
2% hydrogen pero^dde, to neutralize, the agent 
in the quench bath; and thereaifter the- film 'is 
washed with . water.- 95- 

For.obtaining the desired physicai cfaaapactcitr 
istks in rhe: polyethylioie- film, ^ quetadi . 
bath is normally aiaintained at a tempsrature 
between . 25 • aiid 65> C. However, if the 
physici^ properties of the resulting, film, arc iqq 
not inipaned .or reduced bdow the minimum 
requirements fou; particular iend uses, llhe use 
of ^higher quench bath . teniperaturej,. e.g^ 
up' %Q 9(>T— 95'' Ci, permits shorter treatment 
times. In general, - quench bath itemperatures X05 
t$ubstantiailly.- -hii^er .than-65° do. not 
[sufficibntly quench, the filmj and with ^owor. 
icob^ing effected by higher bath teaoLperatures, 
ithe- ptJyethylenc film -f ortned is generally, niore 
. crystalline .-and,^ consequendy, has. lower iiq 
Strength properties, lower flejdbility and trmas- 
jparency, and the bond strengths of heat seals 
are considerably lowd-^ Hence, quendung 
bath .temperatures should normaiUy. be main- 
tained below 65^ C. Furthermore, it fihouid 115 
be emphasized that quench bath temperatures 
(higher than ' 60-^5 ° C. arc not recommended; 
when aqueous eoluicions of the gaseous halo- 
' gens or halogen acids are empiiyed because 
considerable quantities of the gases ^are lost 120 
to the atmosphere as a result 5f desorption. 

The foBowting exampl^of specific preferred 
embodiments ftrther isllustrate the prindples 
and practice of this inventdon. 

Polyethylene film extruded from a melt was 125 
permitted -to- pass through an air gap of 10". 
andithen into, a quench bath' containing ati agent 
of thejpresent invention. Table I summarizes^ 
the conditions of treatment and die* results 
obtained wi-th respect to film printability. ISO 
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Table I 



Quench Bath 
Composition 



Temp. 

Quench 

Bath 



Melt 
Temp. 



Time in- 
Qucnch 
Bath 
seconds 



Print- 
ability 



Saturated chlorine gas 
in water with shroud 
covering filtn and bath 

Aqua regia (3 parts by weight 
ooncentrated hydrochloric add 
and 1 part cone, nitric add) 

Cone, hydrochloric add 

0.24% aqueous HgOj 

3.57% aqueous HaO^ 

31.8% aqueous HgOg 

31.8% aqueous HjOa 

30% aqueous sodium hypo- 
chlorite 

30% aqueous sodium hypo- 
chlorite 

Cone, nitric acid 

Cone. HaSO^/Conc. HNOa 
(9 lbs./42 lbs.) 



50 


300 


less than 


Excelleat, 




0.65 . 




40 


300 


less than 


Excellent 






0,65 




68 


300 


1.7 


Excellent 


42 


232 


3.33 


Good 


30 


232 


2.86 


Good 


45 


232 


2.77 


Excellent 


90 


232 


1.43 


Excellent 


30 


288 


3.33 


Excellent 


90 


288 


1.0 


Good 


78 


292 


1.43 


Excellent 


90 


288 


less than 


Excellent 



0.4 



In evfiduating the printability, i.e., the 
•strength of the adhesive bond betweoj the 
dried ink and the treated polyethylene film 

5 surlace, a number of tests were employed (5 
in all); and, on ithe basis of the results of 
of the tests, the films were rated eather accept- 
able or liot acceptable and, if acceptable, either 
exceilleat «: good. Four different inks were 

1(1 empioycd to print the treated surfaces of poly- 
ethylene filros, and each printed sample was 
evaluated in accordance with each of the five 
tests which will be described hereinafter. The 
ioks en^loyed were as follows: 

IS No. 1 Anilfine Cdlophane Ink (Bensing 
Bios, and Deeney, No. W— 400). 
No. 2 Aniline Polyethylene Ink (Inter- 
chemdoaa Goirporation, No. PA — 

R«i). 

20 No. 3 RotJogravure Cdlophane Ink (Bcnsing 
Bros, and Doeniey, No. G — 1037). 
No. 4 Rotogiavure Polyethylene Ink (Iinirer- 
Oiemical Corporation, IN-Tag-Red, 
GPA Red). 

25 In preparing the printed samples of poly- 
ethylene film, the ink was applied with a 
commercial ink sptreader which comprised a* 
steel rod having fine wire wrapped around 
tlie rod. The spreader produced a nniiltdpiacity 

30 of fine lines. The kik was dried for three 
minutes at 70° C. and thereafter permitted! 
to cool to room temperature. Each sample 
was then tested in accwrdauce widi eadi of 
the follawBng tests, iand the amouat of ink 

35 rubbed off amd/or removed was noted: 



1. Ruh Tert— The inked polyethylene sur- 
face was rubbed ten times against a hard 
white paper. 

2. Scratch Test — ^The back of a fingemadl 
was rubbed across the inked surface. 40 

3. Flex Test — The film was held between 
thumb and forefinger (2" apaiit) and. 
flexed vigorotjsly. 

4. Pressure-Sensitive Tape Test — ^A .pres- 
sure sensitive tape was pressed against 45 
tile pixnted surface> and then pulled- off » 

5. Twist Test — The printed form wais 
folded once and dien again, iin "ta directioni 
perpendicular to the first fold. The 
fcdded ends were sthen twisted omoe 50 
aromid^ and thereafter the film -surface 
was examdned for smeaiiag - andl/or 
cracking of die dr ied ink. 

Although the present process is employed 
primarily for treating the surface of a pply- 55 
ethylene film in order to produce a film which 
may be successfully printed with standard oil 
or lacquer type inks^ e.g.5 aniline or roto^avure 
inks employed for priniting on cellophane film^ 
the present invention may be en^loyed to 60 
modify the surface of a polyethylene film 
which is to be printed With inks which are 
especially modified for printing upon a poly- 
ethylene film surPace. The net result is an 
even further improvelment in the adhesive 65 
bonds between fthe dried isik' and the poly- 
ethylene film surface. The present invention 
funthcr provides for the preparation of a 
polyediylene film which is more readily 
adherent to metads, papers^ and viarious coat- 70 
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ings, sucfti as those of iiitTOC€31til5Dse; poly- 
amides, eg., polyh^amethylene adipajnide, 
pdyhexameth^ene sebacamidej NHmethoxy- 
meitiiyl polyhexainethyilene adipamlSde and 

5 ^er polyainddes defined in U.SJ>. 2,430,860, 
and intetpoiyamidQs defined ia Patent No. 
557,544; poayethyleae terephthailate; polyvinyl 
ficetals suchi as polyvinyl butyraJ^ . ethyl 
ceOluloso; vinyl acetate-vinyl ichloride co- 

10 polytoeis; vinylidene chioride oap^jmers, 
cMoianated rubbers. FurthennDre, ptdyeiiiylonse 
flm treaited by tiie piresent process fis mare 
readily adhered to itiself and other base 
materials by using commerdiail adhesives, e.g.> 

15 istandaid adhesives enajdoyed ffoir aeding 
ccHopban©, 

The process <^ this invention may ailso be 
employed for treatmg the surface of^nous 
films febricatsi from copolymers of ethylcno 

20 with various other polymerizable materi^B, 
e.g., isobutylene, vinyl acdtate, BQnrene, vinyl 

dhloride. r \. * 

The outstanding advantage of the present 
process is that it provides a ireadily appUcable 

25 and rapid method of improving tihe adheaon- 
of a dried printing :ink to the surface of a 
polyethylene film. Tiie process may be readily 
combined with a necessary step of emudang 
or caleadering molten polyetihyaene into film 

30 or tube .form, aixd the addationM apparattff 
irequired ds inexpensive and easy to install. 

Our Spedfication No. 738^474 d«»ibea 
and clatas a pioqess for treating polyethylene 
surfaces, such as filn^^ to improve the adhesion 

35 propeuties thereof, wlhich compris^ efubjeccing 
said surfaces tro the action of ozone at a ten>- 
peratuie not below room temperattLre m the 
presence of a reaction acoalemiiO!C , ^ent 
selected from the group consisting of the 

40 halogens; lihe hydrogen halidesi and' ititraus 
oxide. . - 

Said .treatmem: « pr^erably earned out in 
the presence, of ultraviolet fight, and is aJsP 
preferably effected at a temjperature in the 

45 xange/0f 150° tJo 32r C. 

What we claim iBi-r-, _ 
1. A process for trealting the surfaces of a> 
polyethylenc-OMiitaining structure, such as a 
film, to improve the adhesion properties there- 

50 of, whiich comprises subj^ting the structure as 
it is extruded at a temperature between 150° 
Q and a temperature bdbw the degradation 
temperature of die p)oJyethylene onto a" bath^ 
to tile action ctf an' agent selected from the 

55 following: aqueous solutions of the halogens, 
the hy<h'Ogen . hahdes, hydnogetn peroxide, 
nitrous acid and alkaline h3rpochloxites; con- 



centrated nitric aclBd; and mixtures of oon- 
centrated nitric and sulfuric adds; said agons 
being maintained ait a tempeiatUFe m. the zange W 
of 25^ C. to 95" C. 

2. A process for tceating the surfaces of a 
polyeth^ene-oomauimg structure, sudi as a 
film, to iniptdove the a&esion properties there- 
of, which compri'ses subjecting the structure 65 
QW it is extruded at a temperature betweenl 
150° C. and a temperature beOiow the d^iada- 
tioQ temperature of the paHyeib^eDe into a 
bath, in 'the presesiice of tihr^violet li^^ to 

the action of an agiotit selected fmn the 70 
following: an laqueous solul&nt o$ thQ 
fbalogens, tb& hydiogien SMides, hydrogen! 
peroxide, nlitious add and alkntiiTr. Ir^o- 
cMorites; concentrated nitric atid; axd. snix- 
tures of concentrated nitric add and sulfuric 75 
add; said agents being maintained at a tem- 
perature Im the range of 25'' .C. to 95". C 

3. A process according to daim 1 <sr 2, 
in whidi said treatment is carried out at a 
temperature in die range of 25° C. to 65*. C 80 

4. A process according to any of dates 
1 ito 3, in which said structures are immersed 
'in an aqueous bath containing said. agent, said 
bath preferably being agita^ 

5. A procsess according to daim 4, in whidi 85 
a pdyethylene-contaamng fihn is continuotsly 
formed and ss oontinuously passied thtou^ 
said bath. ' ^ - - - 

6. A process accbidiing to any of ddtes 1 ^ 
to 5, in which a treated surface is idieicaftBr 90 
imprinted with a printing ink. * 

7. A process acdording to any of daims 1 
to 5, in which a treated surface is thereafter 
coated with a coating 'composition. 

8. A process accooiding to any of daims 95 
1 fto 5, i« which a treated surface is theresafcer 
HaMinated to a base materiaL 

9. A process acccndihg to aiiy of die pre- 
ceding claims, in whsdi said stniotures com^ 
prise polyethylene copolymers. - 100 

10. A process 'for treating the suzfaioes of " 
polyethyileneKXjntaiuiiinfe strjuctujres, ssuch as 
films, to improve' the adhesion' properdes 
thereof, substantiaJly as hereinbeforte des- 
cribed. - - r 105 

11. Polyethylene-containing structures, sndi 
as films, haviing. , surfaces with impnoved 
adhesion properties, whenever" produced l>y 
the process according to any df the'prcceding 
claims. 110 

STEVENS, LANGNERi PARRY & 
ROLLmSON, . * - 
Chailtered Patent Agaits, 
. Agents for the AppMcanCs. 
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